It has been noted for a long time that the spectra of observed continuum emissions in many solar flares are consistent with double power laws with a hardening at energies ∼> 300 keV. It is now largely believed that at least in electron-dominated events the hardening in photon spectrum reflects an intrinsic hardening in the source electron spectrum. In this paper, we point out that a power law spectrum of electron with a hardening at high energies can be explained by diffusive shock acceleration of electrons at a termination shock with a finite width. Our suggestion is based on an early analytical work by Drury et al., where the steady state transport equation at a shock with a tanh profile was solved for a p-independent diffusion coefficient. Numerical simulations with a p-dependent diffusion coefficient show hardenings in the accelerated electron spectrum which are comparable with observations. One necessary condition for our proposed scenario to work is that high energy electrons resonate with the inertial range of the MHD turbulence and low energy electrons resonate with the dissipation range of the MHD turbulence at the acceleration site, and the spectrum of the dissipation range ∼ k −2.7 . A ∼ k −2.7 dissipation range spectrum is consistent with recent solar wind observations.
the assumption that electrons having smaller energies have shorter escape times, and noted does not (need to) have a spectral hardening. In-situ observations by Moses et al. (1989) , 53 however, showed that electron spectral hardening is rather common in short duration events.
54
Assuming these in-situ electrons are the source electrons escaping from the acceleration site 55 through interchange reconnection, then Moses et al. (1989) 's results also suggest that the 56 accelerated electron population has a hardening at high energies.
57
High energy electrons also lead to microwave emissions through gyro-synchrotron 58 radiation (see e.g. the recent review by White et al. (2011) for a detailed discussion of the 59 relationship between solar radio and HXR emissions). In an early study, using BATSE 27 solar flares with multiple peaks (a total of 57) which were observed at both HXR and 62 microwave wavelengths. Fitting the HXR spectra by a single power law and the microwave spectra as gyrosynchrotron emissions, Silva et al. (2000) found that in 75% of the bursts, the inferred spectral indices of the electron energy distribution of the microwave-emitting 65 electrons were harder (by 0.5 to 2.0) than those of the lower energy HXR emitting electrons. the HXRs, by assuming a spectrum for the accelerated electrons that is consistent with the 80 HXR emissions (but extend to higher energies), Kawate et al. (2012) were able to produce 81 microwave spectra comparable to the observations. The authors concluded that it is a 82 single electron population that is responsible for the HXRs and microwaves emissions and 83 the hardening of the microwave emission is due to a more efficient trapping of electrons 84 with higher energies. In another study, to minimize the effect of the trapping of high 85 energy electrons on the resulting spectra of looptop microwave emissions, Asai et al. (2013) 86 examined both the HXR and microwave spectra prior to the peak emission in 12 flares.
87
They still find a significant hardening of the source electrons for the microwave emissions.
88
These authors suggest that there is an intrinsic spectral hardening for the source electron spectrum around several hundreds of keV and the microwave gyrosynchrotron emission is due to electrons at higher energies (in the harder part of the spectrum).
91
In this work, we do not consider microwave emissions and focus on HXRs alone. proposed here will be reported elsewhere (Kong et al. to be submitted).
99
A hardening in the source electron spectra is hard to explain for any acceleration 100 mechanism. In this paper, we propose a scenario which is based on diffusive shock 101 acceleration (DSA) to explain the observed spectral hardening.
102
Electron acceleration at a termination shock (TS) in solar flares is not a new idea. Therefore to accelerate electrons to high energies, a stringent requirement of θ BN (e.g.
• ) is needed. However, while the TS on large scale is of quasi-perpendicular, that assuming a shock with a θ BN > 88
• across the shock surface may be unrealistic.
118
Furthermore, the existence of these small scale structures implies that one single field line 119 can intersect the shock surface multiple times. Consequently, the acceleration process will 120 be of diffusive in nature. In this work, we follow Tsuneta & Naito (1998) and assume
121
the electron acceleration at a flare shock can be described by the DSA mechanism. Note wave spectra is given.
145
In this work, we do not consider stochastic acceleration. However, as in Petrosian et al. At a piecewise shock, the standard steady state DSA predicts a power law spectrum ∼ p −α for energetic particles. The power law spectral index α is given by 3s/(s − 1), where s = u 1 /u 2 is the compression ratio, u 1 and u 2 the upstream and downstream flow speed in the shock frame. In the case of a shock having a finite width ∼ L dif f , Drury et al. (1982) showed that the spectral index depends on the shock width. Assuming the background fluid speed is given by a tanh profile:
then the spectral index α becomes (Drury et al. 1982) ,
where β s is a dimensionless parameter and is related to the diffusion coefficient κ through,
Although Drury et al. (1982) considered only the case of p-independent κ where analytical 150 solutions can be obtained, one can see from the above that for a κ increasing with p the -9 -spectrum will harden at high energies. Because the factor of 1/β s in equation (2), the 152 spectral index quickly approaches the limit of 3s/(s − 1) when β s ≥ 1. When β s is small,
153
however, the second term in the bracket of equation (2) dominates and the spectrum can 154 be very soft.
155
Clearly the momentum dependence of the diffusion coefficient κ decides the shape of 156 the spectrum. At a flare site, the κ of energetic electrons is decided by the turbulence 157 level. At large scales, the turbulence is of Alfvénic and particle-wave cyclotron resonance 158 can accelerate ions to high energies via the stochastic acceleration process (e.g. Miller et al.
159
(1997)). For electrons, except at very high energies, however, they do not resonate with
160
Alfvén waves, therefore they interact with other waves, for example, fast mode and/or 161 whistler waves (Miller et al. 1996) . work and we do not consider the back reaction of energetic electrons on the shock structure.
168
We assume the turbulence at a flare, as in the solar wind, is described by an inertial range joining to a dissipation range and the power density I(k) is given by,
where ǫ i and ǫ d are the spectral indices in the inertial range and dissipation range, respectively. We assume ǫ d = 2.7 (see below) and consider three cases for ǫ i : 5/3, 1.5 and 1.0. The case of ǫ i = 5/3 corresponds to a Kolmogorov cascading; the case of ǫ i = 1.5
corresponds to a Iroshnikov-Kraichnan (IK) cascading, and the case of ǫ i = 1.0 corresponds to a Bohm-like diffusion (see below). At very small k, the energy containing range sets in and I(k) bent over. The normalization of I(k) is given by,
For a wide range of electron energy, the resonating wavenumber k is in the dissipation range. In the solar wind, one finds a spectrum ∼ k −2.7 to ∼ k 
where Ω = eB/(γm e ) is the electron cyclotron frequency and γ is the Lorentz factor. For low frequency waves ω < Ω, the resonance condition (on taking n = 1) yields
where µ is the pitch angle of the electron. Note from equation (6) (Jokipii 1966 ) is,
The diffusion coefficent κ is related to D µµ through,
We make no attempts to estimate the turbulence level at the reconnection site in this work. Instead, we are more interested in the energy dependence of κ. From equation (9), we have 
174
This corresponds to an ǫ i = 1.
175
The fact that κ has a very shallow dependence on the electron's momentum in the dissipation range and a strong dependence in the inertial range is the key to understand the hardening of electron spectrum. In Figure 1 we plot β s as defined in equation (3), where from equation (10), we have
We set β 0 = 0.2. This value yields an electron spectral index at low energy to be ∼ p −10 , 176 comparable to flare observations. 
187
(2011), which is close to L dif f in our work, however, is another factor of ∼ 6 (see their 188 figure (3)). Therefore, in this work, we assume the shock width is given by the ion inertial 189 length scale L dif f ∼ c/ω pi .
190
The break point p b in Figure 1 
208
Using a momentum dependent β s as in equation (11) 
Discussions and conclusions

228
Clearly, the hardening requires the following conditions to be met. First, the existence 229 of a termination shock at flare site with a finite shock width L dif f ∼ c/ω pi . Second, the diffusion coefficient κ needs to be close to a constant at low energies and increases with 231 electron energy at high energies. Third, it is necessary that κ < ∆UL dif f at energies below 232 the break and κ > ∆UL dif f at energies above the break.
233
For any given flare, none of these conditions are necessarily satisfied.
234
Consider the first condition. While it is hard to identify a termination shock at a flare 
259
Observations do show such a anti-correlation and this is discussed in details in Kong et al.,
260
(in preparation).
261
In summary, we offer an explanation for the observed continuum spectral hardening 262 in solar flares that is based on DSA. To our knowledge, no previous works have addressed 263 the hardening of emission spectrum explicitly. Further observational and theoretical studies 264 along the proposed mechanism will be pursued in future works.
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